UNCLASSIFIED

Defense Technical Information Center
Compilation Part Notice

ADP013893

TTTLE: On the Method of Solution of the Wave Equation with Periodic
Coefficients

IDISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TITLE: 2002 International Conference on Mathematical Methods in
[Electromagnetic Theory [MMET 02]. Volume 2

To order the complete compilation report, use: ADA4134355
The component part is provided here to allow users access to individually authored sections
f proceedings, annals, symposia, etc. However, the component should be considered within

the context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP013889 thru ADP013989

UNCLASSIFIED




MMET*02 PROCEEDINGS 373

ON THE METHOD OF SOLUTION OF THE WAVE
EQUATION WITH PERIODIC COEFFICIENTS

E.A.Gevorkyan
Moscow State University of Economics, Statistics and Informatics

Contact address: Nezhinskaya str., 7, 119501, Moscow, Russia

Tel: (095)4427133, (095)4427066. Fax: (095)4427066.
E — mail: VBlagodatskikh@rector.mesi.ru

ABSTRACT

The analytic method of solution of nonuniform wave equation of the problem of
radiation of the magnetic moment, moving uniformly in the waveguide of arbitrary
cross section with time — space periodic dielectric filling is given. The fields and the
analytic expression for the Cerenkov energy losses of the magnetic moment in the
region of strong (resonance) interaction between the radiation wave and the modulation
wave are found.

Suppose that the source with magnetic moment 7(0,0,m,) moves uniformly along the
axis (oz — axis) of an ideal waveguide of arbitrary cross-section with nonmagnetic
filling, whose permitivity is modulated in space and time according the periodic law

g=80[1+mcos(koz—ut)], 1)

where m is the modulation index, k, and u are the wave number and the phase velocity
of the modulation wave, &, is the permitivity of the waveguide filling in the absence of
modulation.

[t can be shown that the longitudinal component of the magnetic vector H_(x,y,z,t) as
a potential of the transverse — electric (TE) field (£, =0, H_ # 0) satisfies the following
nonuniform partial differential equation

A H_ +

62Hz 1 0 OH.
oz? ct ot

e—=\=47A m_ 2
ﬁtJ A m, 2

where A, =8%/0x* +8”/8y’, c is the velocity of the light in vacuum.
In (2) let us pass to the variables

¢
zZ U d
g=z—ur,n=—-——2j——§— : 3)
Uu C Ol_ﬂzi
&g

where b=1- 8>, B =u/c,lg,. After any algebraic transformations we receive
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(xo, yo) is the point of intersection of trajectory of the magnetic moment with the cross
section of the waveguide. m, is the magnetic moment of the point source.

The equation (4) we can solve. suppose. that

x

H.=Yy,(x.) fer H (£)dy . (7)

n=0 ¥

where w, (x,y) are the eigenfunctions of the second boundary value problem for the

transverse scction of the waveguide. and expanding the right part of equation (4) on
eigenfunctions w,(x,y).Thus from (4) we receive the ordinary differential equation of

second order

d , & \dH (&) 7
—| 1= p" " + 1 H (&)=-4xf (&). 8
d{fﬁ B goj i2 J e &) &) (8)
g()
where
. m)li o
.f/z((f):—,) ¢ ¢ ‘]”(//n (‘x()"y())a (9)
_ﬁ]u—v
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2
zn =%£—lﬁ(l~ﬂ2i) : (10)
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The equation (8) in the variable
sz’z‘o”f %~ (1n
& T 1_pr 2
B .
has a form
d*H (s) 4gl y} , &
AT “HA\s)=—4n1-8"—|f {s), (12)
= e ) i)
where
/12 4 v_r__l P
fn(s) ol 4 “ko( ! b) l//n(xmyo)- (13)

B 27z]u - v}

The equation (12) , as a Mathiew — Hill differential equation, we can solve, used the
method, developed in our early articles [1—2]. Assuming a small modulation index m,
after any transformations we receive the expression for H_in variables z and t to the

first approximation with respect to m. It gives the possibility to investigate the character
of radiation in the region of strong interaction between the radiation wave and the
modulation wave and find the Cerenkov energy losses of the magnetic moment in this
case in the form

uv v’
my; sgn(l ~ =6 J[l — 3 j(l _p )

dw ,
(dtj B )( - ) v, (50, %0)- (14)
! gu-v)1-=¢

c

Note that the result for the case of stationary but nonuniform filling of the waveguide
we can receive from (4) passing there to the limit when ¥ — 0.
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